Introduction 20
Benzo[a]pyrene (BaP) exists widely and is therefore an important environmental contaminant, with 21 carcinogenic and immunotoxic properties (White et al., 1986; Davila et al., 1996) . It is known from 22 mammalian studies that the immune system is sensitive to the effects of pollution and several in vivo Juvenile black porgy (50-70 g, body length 12-14 cm, male) were obtained from a fish farm (TongAn 82 marine-culture farm) in Xiamen, Fujian province, China. Fish were reared in seawater tanks in the 83 laboratory at room temperature (21±1 °C) for seven days for acclimatization prior to the start of the 84 experiment, and fed with commercial pellets at 1% of body weight daily during this period. Healthy fish 85 were chosen for the toxicological experiment. The experiment was designed as follows: the control 86 group without adding BaP; BaP-exposed groups with a concentration of 1 g/L; the solvent control 87 (V acetone /V seawater =1/20000). The test solution was renewed daily and during exposure period the fish 88
were not fed. Samples were collected after 0h, 6h, 24h and 48h exposure to BaP. Three fish from each 89 group were taken at each exposure time point. Samples of liver, gill, spleen, kidney, stomach and 90 5 intestine from each individual fish were separately collected. Samples were immediately frozen in liquid 91 nitrogen and stored at -80°C. 92
Quantitative real-time PCR analysis of gene expression of hepcidin, CYP1A1 and IgL 93
Cloning of CYP1A1 cDNA The red sea bream CYP1A1 cDNA sequence (GenBank accession no. 94 EU163982) and the black porgy CYP1A1 cDNA sequence (GenBank accession no. DQ898145) were 95 both amplified from liver RNA with RT-PCR. Specific primers and probes for analyzing CYP1A1 96 mRNA expression in red sea bream and black porgy using quantitative real-time PCR were designed 97 based on a 69bp sequence (Table 1) , and showed that more than 95.6% of the amino acids were identical 98 between red sea bream CYP1A1 and black porgy CYP1A1 cDNA. The 5'-99 CTTCCGCCACATTGTCGTCTCCG-3' probe for hybridization was designed based on the red sea 100 bream CYP1A1 cDNA sequence, which completely matched the corresponding sequence of black 101
porgy. 102
Cloning of hepcidin cDNA An AS-hepc2 (Acanthopagrus schlegelii B. hepcidin gene) cDNA 103 sequence of black porgy was reported previously (Yang et al., 2007) and that of red sea bream (PM-hepc) 104 was amplified in our laboratory and released on GenBank (GenBank accession no. AY557619). The AS-105 hepc2 gene was one of seven hepcidin variants previously identified in black porgy for which gene 106 expression in different tissues of this animal challenged with bacteria was evaluated using real-time 107 PCR. Specific primers and probes for analyzing hepcidin mRNA expression in red sea bream and black 108 porgy using real-time PCR were designed based on a 93 bp sequence, and more than 95.6% of the amino 109 acids were identical between PM-hepc and AS-hepc2 cDNA. The 5'-110 CCCTGCTGGCTGTCGCTTTTGC-3' probe for hybridization was designed based on the PM-hepc 111 cDNA sequence, which showed completely identical amino acids to the corresponding sequence of AS-112
hepc2. 113
Primers and probes designed for analyzing IgL transcripts A pair of primers and a probe were 114 designed (Table 1) developed. Real-time PCR assays were performed using the Taqman probe methodology and an ABI 122 7500 System (Applied Biosystems). Gene-specific primers (Table 1) 
Statistical analysis 139
Results are presented as mean ± SD. Each data was analyzed from three fish for each time point and 140 all experiments were performed three times. The levels of statistical significance were analyzed by one-141 way ANOVA using SPSS 11.5 version, and results were considered to be significant when p < 0.05. control. The result demonstrated that, after 120 h, the CYP1A1 expression could be induced to a much 154 higher level in the fry phase of red sea bream exposed to each of the doses tested compared to normal 155 healthy fish (Fig. 1b) . The control, albeit low, was also measurable in all the developmental stages 156 examined. 157 phase of red sea bream exposed to the three doses of BaP. A higher than 9-fold increase in PM-hepc 165 expression was seen in fry after 24 h exposure to 1.0 g/L BaP, and roughly a 3-fold increase was 166 detected after 24 h exposure to either 0.1 g/L or 0.5 g/L BaP. A marked increase in PM-hepc mRNA 167 expression was observed after 120 h sampling time; it was 14-fold the control at a dose of 0.5 g/L BaP 168 embryo to fry of red sea bream induced by BaP at the tested doses appear to be comparable to the 172 CYP1A1 mRNA expression (Fig. 3) . In addition, it was found that PM-hepc transcripts were decreased 173 at 48 hpf when embryos were exposed to three concentrations of BaP (Fig. 2a) . Correspondingly, 174 CYP1A1 transcripts were also decreased (Fig. 3) . 175 The levels of CYP1A1 mRNA expression in various tissues of juvenile black porgy were assessed 193 using quantitative real-time PCR in BaP-exposed fish. Samples included liver, stomach, intestine, 194 9 kidney, gill and spleen were individually collected from the tested fish after 0 h, 6 h and 48 h exposureexpression was markedly induced after 48 h and increased to a higher level in the liver, kidney and gill. 198
The expression level for these tissues was increased to 115-fold, 131-fold and 96-fold the control level, 199 respectively (Fig. 4) . Additionally, the CYP1A1 mRNA expression was induced in the intestine at 6 h 200 exposure to BaP, and significantly increased at 48 h exposure (Fig. 4) . Meanwhile, rise of CYP 1A1 201 expression was also observed in the stomach after 6 h and 48 h and in the spleen after 48 h exposure to 202 BaP (Fig. 4) . 203
Although the data for CYP1A1 expression analysis from the samples exposed to BaP at 24 h missed 204 due to RNA contamination, this may not influence the assessment on BaP altering AS-hepc2 gene 205 AS-hepc2 mRNA expression in various tissues of juvenile black porgy was analyzed using real-time 210 PCR after 0 h, 6 h, 24 h and 48 h exposure to BaP. A high amount of AS-hepc2 transcripts was detected 211 in the liver upon exposure to BaP at a dose of 1.0 g/L, the level increased to 350, 22, and 4838 -fold 212 after 6, 24, and 48 h, respectively (Fig. 5) . In particular, the hepatic AS-hepc2 expression level was 213 highly induced (4838-fold) in juvenile black porgy exposed to BaP. 214
To look for whether there is a relationship between the hepatic accumulative BaP concentration and 215 AS-hepc2 gene expression, a preliminary experiment was carried out to investigate a BaP-accumulating 216 trend in the liver of juvenile black porgy during the period of exposure to BaP. The result showed that 217 the accumulative BaP concentration in the liver changed with exposure time and reached its highest 218 level 48 h after exposure to 1 g/L Bap (Fig. 6) . Interestingly, the AS-hepc2 mRNA was highly 219 expressed in the liver upon exposure to BaP at 48h when BaP concentration in the liver was 220 Fig. 5 and Fig. 6 . 222 . These coastally raised fishes may be exposed to various microorganisms and 232 toxic pollutants daily, but still maintain a sufficiently healthy status to be able to grow causes us to 233 speculate whether some fish antimicrobial peptides such as hepcidin might function in the regulation of 234 these environmental pollutants as it did in the regulation of bacterial challenge. However, at present, 235 there is no direct evidence to support this presumption. To investigate this presumption, the induction of 236 hepcidin expression was investigated in red sea bream and black porgy upon exposure to an 237 experimental BaP. Our studies clearly demonstrated that the target hepcidin gene (PM-hepc and AS-238 hepc2) expression in BaP-exposed fishes was significantly induced in the developmental stages and the 239 expression pattern was to some extent associated with P450 1A1 metabolism (Fig. 3) . 240
The liver is considered as the main organ for CYP mediated biotransformation in fishes (Stegeman 241 and Kloepper-Sams, 1987). Also, CYP1A induction has been measured in other tissues, including those 242 hepc2 transcripts in the developmental stages of red sea bream and in juvenile black porgy ( Fig. 2; Fig.  296 5) respectively, and also AS-hepc2 mRNA was highly expressed in the liver of juvenile black porgy 297 exposed to 1.0 g/L BaP (Fig. 5) . These results prompted us to hypothesize that the highly enhanced 298
to an innate immune function as referred to one of many aspects of innate host defenses associated with 300 an acute inflammation (Hancock and Diamond, 2000) . This kind of response caused by exposure to BaP 301 might be involved in immune-and/or inflammation-related pathways as described in TCDD-exposed 302 medaka liver (Volz et al., 2005) . In fishes, the innate immune response has been considered an essential 303 component in host defense against pathogenic organisms due to an undeveloped adaptive immune 304 response (Magnadottir, 2006) . Current opinion tends towards a more complex view of the immune 305 system as a sophisticated, complex, multilevel network of various defensive mechanisms (Danilova, 306 2006). The acute response of hepcidin to opposing exogenous pollutants may act as a signal to provide 307 an early warning to the adaptive immune system of fishes to mount a response (Fearon and Locksley, 308 1996; Carroll and Prodeus, 1998) against invading pathogens or inner existing pathogenic 309 microorganisms which might be robust enough to cause infection when the health of a BaP-exposed fish 310 becomes worse. Taken together, the role of fish hepcidin might extend its functions to more than a key 311 regulator of iron absorption and a mediator of inflammation (Ganz, 2003) . It is known that the increased 312 hepcidin expression induced by both bacterial challenge and iron overload were thought to be important 313 in the host response to pathogens, however, whether the increased hepcidin expression induced by BaP 314 is involved in the host defense against invading microorganism needs to be more clearly defined. A 315 comparative study on hepcidin expression in bacteria-challenged fish exposed to BaP is ongoing 316 following this work. 317 318
Conclusion 319
To our knowledge, this is the first report of PM-hepc expression significantly induced in the fry stage 320 of red sea bream and AS-hepc2 in juvenile black porgy with exposure to the environmental pollutant 321
BaP. This study suggested that fishes surviving in the complex marine environment might develop 322 multi-functions to maintain their health and the antimicrobial peptide hepcidin might be one of the 323 principal actors involved in innate immunity in responding to various exogenous factors, and thus to 324 play their roles either directing the host acute phase inflammatory response or participating in an 325 antimicrobial defense mechanism. Further exploration of the role of fish hepcidin after exposure to BaP 326 will be focus on whether increasing levels of hepcidin transcripts could exert an immune response 327 against bacterial invading or infection that may provide new insights into the molecular mechanisms of 328 
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